Phospho-MurNAc-pentapeptide translocase activity in the membrane of M. luteus was lost upon addition of the detergent, Triton X-100, but could be restored by addition of lipid fractions to the assay. By assay in the presence of lipid, the activity of the Tritonsolubilized enzyme could be measured. The synthesis of C55-isoprenyl-P-P-MurNAc-pentapeptide from UDPMurNAc-pentapeptide required C55-isoprenyl-P, and was stimulated by a neutral lipid. The exchange reaction of UDP-MurNAc-pentapeptide with UMP required a polar lipid fraction, but the reaction was not affected by Cssisoprenyl-P or the neutral lipid. Thus, measurement of activity of the detergent-solubilized enzyme requires addition of three lipids, the lipid substrate (C55-isoprenyl-P), the neutral lipid, and a polar lipid.
Phospho-MurNAc-pentapeptide translocase (1, 2) is the first enzyme of several membrane-bound enzymes involved in biosynthesis of bacterial cell walls. It catalyzes the reaction of UDP-MurNAc-pentapeptide with C5-isoprenyl phosphate to form C55-isoprenyl-P-P-MurNAc-pentapeptide (Eq.1). UDP-MurNAc-pentapeptide + Cw-isoprenyl-P T± C55-isoprenyl-pyrophosphate-MurNAc-pentapeptide + UMP (1) The solubilization and purification of this enzyme has been hindered by the difficulty of retaining its activity in the presence of detergents (3) . In this communication, we show that that inhibition can be overcome by the addition of specific lipid fractions, and that under these assay conditions, the enzyme can be solubilized in a nonionic detergent with retention of activity.
Effect of lipids on the synthesis of Cs5-isoprenyl-P-P MurNAc-pentapeptide from UDP-MurNAc-[14Cjpentapeptide
The addition of Triton X-100 to the particulate enzyme reduced its activity by 30-40%. The C66-isoprenyl-P-P-MurNAc-pentapeptide. The lipid extract was made as described in Table 1 Where indicated, solanesol-P was added, to a final concentration of 2.5 mg/ml, and ficaprenol-P to 0.12 mg/ml. 3 1.l of the chloroform extract was added. The lipid fractions were added in chloroform, which was removed under reduced pressure before the addition of the other components of the reaction mixture.
Solubilization of the translocase in Triton X-100
About 50% of the translocase activity was solubilized in 5% Triton X-100. This activity (assayed by the synthetic reaction in the presence of appropriate lipids) was not sedimented DEAE-paper (Whatman, Balston, England); the paper was washed with water for 20 min, and then with acetone for 5 min. The dried paper was then counted in a toluene-based scintillation fluid.
* The crude lipid extract was prepared as described in Table 1 . Fraction No. '  FIG. 2 . Gel filtration of the translocase in Triton X-100. 1 ml of crude membrane from M. luteus (10 mg/ml protein) was mixed with 50 gl of Triton X-100 at 40 for 30 min and centrifuged in an International Equipment Co. B-60 centrifuge with an A-321 rotor at 45,000 rpm for 60 min. The supernatant solution was decanted and charged to a 1.5 X 26 cm column of Bio-Gel A 5-m equilibrated in a buffer containing 40 mM Tris -HCl (pH 8.0-1 mM 2-mercaptoethanol-1% Triton X-100. 50 Fractions of 1 ml (each) were collected, at a flow rate of 0.25 ml/min. 15 Jl of each fraction was assayed for the ability to catalyze synthesis of Cuisoprenyl-P-P-MurNAc-pentapeptide in the presence of a crude lipid extract. Protein was determined by the alkaline ninhydrin method of Hirs (7), since Triton X-100 interferes with other methods of protein determination.
at 120,000 X g after 60 min (International Equipment Co. centrifuge B-60, A-321 rotor, 45,000 rpm). The activity was included in the column volume of a 6% Agarose column (Bio-Gel A 5-m), indicative of the inclusion of the protein in a detergent micelle (Fig. 2) . These data suggest that further purification may now be possible.
DISCUSSION
The initial membrane-associated reaction of cell wall biosynthesis catalyzed by phospho-MurNAc-pentapeptide translocase was stimulated by lipid fractions when the reaction was assayed in the presence of the nonionic detergent Triton X-100. The enzyme can be assayed by measurement of either the synthesis of C5risoprenyl-P-P-MurNAc-penta- Assays were done as described in Table 3 . The lipids were obtained from Schwartz-Mann, Orangeburg, N.Y., and were added to a final concentration of 20 mg/ml. * The effect of phosphatidyl glycerol was examined in a separate experiment, in which 1200 cpm was incorporated in the complete system, 100 cpm on addition of Triton X-100, and 2200 cpm on addition of phosphatidyl glycerol.
enzyme utilizes endogenous C55-isoprenyl-P as its substrate and is not stimulated by addition of C-ficaprenyl-P in the absence of detergent.
Several membrane enzymes require a phospholipid for activity (8) , and the requirement of the detergent-solubilized exchange reaction of the translocase for phospholipid adds one more enzyme to this list. Since the exchange reaction is a part of the overall synthetic reaction, it was surprising to find that the polar lipid was required for the exchange reaction, but not for the synthesis. It is conceivable that formation of an enzyme-P-MurNAc-pentapeptide intermediate (which is sufficient to account for an exchange reaction) (1, 3) is so rapid relative to the synthetic reaction that the residual activity in the absence of the polar lipid fraction is sufficient to account for the overall rate of synthesis.
After this manuscript was completed, an abstract by Pless et al. appeared that indicated that these workers had also observed the effect of phospholipid on the activity of the translocase (9) .
